Mesial temporal sclerosis (MTS) has been linked to prolonged febrile seizures. The sequence of changes in the temporal lobe/hippocampus following prolonged febrile seizures and status epilepticus is beginning to be elucidated. We obtained repeated magnetic resonance imaging (MRI) volumetric analysis of the hippocampi in a 23-month-old boy after a prolonged focal febrile seizure. Three days after a prolonged left focal febrile seizure, brain MRI showed increased T2 weighted signal and increased volume (swelling) of the right hippocampus. Repeat MRI 2 months later demonstrated sclerosis of the right hippocampus. Review of the literature shows four other children with prolonged focal seizures associated with the MRI sequence of temporal lobe swelling followed by sclerosis. All had left focal seizures followed by right MTS. Our patient demonstrates a shorter interval for the radiologic development of hippocampal sclerosis compared to other reports.
INTRODUCTION
Mesial temporal sclerosis (MTS) has been linked to prolonged febrile seizures 1, 2 . Although MTS can be detected in children during the first decade, it is more commonly found during adolescence. It has been suggested that a long period of time is required following prolonged febrile seizures for MTS to develop 3 . We report acute MRI hippocampal swelling followed by sclerosis 2 months later in a child after a prolonged, focal, febrile seizure.
CASE STUDY
A 2-year-old boy with a history of otitis media and five prolonged, left focal, febrile seizures occurring earlier that year, presented with a sixth prolonged focal, febrile seizure. He awoke on the day of admission with a fever (101 • F), left eye deviation and left upper extremity jerking lasting 35 minutes. The boy was not taking antiepileptic medication; he had a family history of febrile seizures and epilepsy. His development was delayed: he sat up at 8 months, walked at 23 months and at 23 months had a vocabulary of only 10 words. Physical examination was remarkable for a post ictal boy with an erythematous left tympanic membrane. Electroencephalogram (EEG) showed focal slowing over the right hemisphere. Computerized tomography of the brain, electrolytes, serology and cerebrospinal fluid analysis were negative.
Brain MRI scan performed 3 days after the seizure showed increased T2-weighted hyperintense signal in the right hippocampal area compared to the left (Fig. 1) . Volumetric analysis of the T2-weighted images showed increased volume of the right hippocampus (right, 1.92 cc; left, 1.56 cc; Fig. 2) . Specifically, using a technique similar to that of Lawson et al. 4 , we outlined the contour of the hippocampus on 10 consecutive slices of a General Electric (GE) 1.5 T coronal scan obtained at 3 mm intervals. A computer program calculated the area of each defined slice of hippocampus. The total volume was calculated by adding the area of each slice and multiplying by 3 mm of thickness. A low grade glioma could not be excluded and a follow-up MRI scan was obtained 2 months later. This scan confirmed a slight decrease in the size of the right hippocampus, consistent with hippocampal sclerosis (right, 1.08 cc; left, 1.45 cc; Fig. 3 ).The ratio of volume after to volume before was 0.56 for the right hippocampus and 0.93 for the left.
The patient was placed on maintenance phenobarbital and has remained seizure free for 8 months.
DISCUSSION
The right hippocampal volume decreased from 1.92 to 1.08 cc in our patient. This volume is less than that of the left hippocampus and represents sclerosis. The initial increased volume of the right mesial temporal lobe may have been due to edema or to increased blood flow, as both occur following prolonged focal seizures 3 . Seizures abolish autoregulation, initially raising systemic blood pressure with resultant increase in brain flow. Swelling of neuronal dendrites and cell bodies following excessive release of excitatory amino acids l-glutamate and l-aspartate also may contribute to acute swelling of the temporal lobe after a prolonged seizure 1 . Increased MRI T2-weighted hyperintensity in the temporal lobes has been reported in children and adults following generalized status epilepticus [6] [7] [8] and seizures 9 . Follow-up MRI scans of these patients showed the temporal lobe changes were transient and later disappeared 8, 9 . For other patients, however, bilateral hippocampal sclerosis eventually developed after prolonged seizures 10, 11 .
The mesial hippocampal sclerosis seen in our patient may have been due to hypotension, hypoxia, hypoglycemia or metabolic derangement as a consequence of seizures, resulting in cell death. After the initial increase, cerebral blood flow later decreases in prolonged seizures following reduction in systemic blood flow 3 . Decreased blood flow reduces oxygen and glucose to the brain despite the higher metabolic demand. Recent experimental work suggests, however, that seizures can cause MTS in the absence of hypotension, hypoxia, and hypoglycemia 3 . The increased release of excitotoxic amino acids activates NMDA receptors which in turn causes calcium influx into cells and delayed neuronal death 12, 13 . The time required for neuronal cell death and resultant atrophy is unknown and deserves further investigation. Hippocampal sclerosis developed in only 2 months in our patient.
Another explanation is that hippocampal sclerosis pre-existed in our patient. MTS has been shown to coexist with neocortical migration disorders 14, 15 , implying that MTS may be a developmental disorder. Our patient's brain MRI, however, showed no other abnormality suggestive of a migration disorder. Pre-existing focal pathology may have caused regional damage leading to the prolonged seizures 4 seen in this child. Such pre-existing pathology may be explained by Penfield and Jasper's 5 belief that MTS is a consequence of injury during the birthing process. A traumatic birth could involve unilateral compression of the internal 10 Tien and Felsberg 18 VanLandingham et al. 6 VanLandingham et al. 6 Present study carotid and posterior cerebral artery at the incisural edge causing local infarction and resultant hypoxia to the temporal lobe. This 'incisural sclerosis' from birth trauma was believed to be the MTS seen later in patients with medically refractory epilepsy. Doubt was cast upon this theory, however, once it was shown that most patients with MTS did not have a history of birth trauma 16 . Our patient had no history of birth trauma. Alternatively, VanLandingham et al. 6 proposed that rapid resolution of edema on MRI with resultant atrophy implies pre-existing MTS (fitting the clinical presentation of our patient), whereas prolonged resolution with slow appearance of atrophy suggests MTS resulted from an acute insult. Serial MRI scans in children performed early in the course of prolonged febrile seizures should help clarify these issues. The MRI sequence of initial temporal lobe swelling followed by MTS has been reported in two children with prolonged febrile seizures 3 and in two children with prolonged focal status epilepticus 8, 16 . Comparison of the four previously reported children to our patient (Table 1) shows that all children had similar seizure semiology: left focal status epilepticus lasting greater than 30 minutes. It may be chance that the MRI sequence from swelling to sclerosis seen in all five children involved the right temporal lobe and that all children were toddlers (between 23 and 32 months of age). Though these findings are reminiscent of an earlier observation by Taylor and Ounsted 17 regarding the laterality and age of onset associated with MTS, future work must determine the significance of these factors.
